Veterinary Sciences TX, USA 78602. 7 Abstract 14 Baboons (papio spp.) have served as a successful model of human disease such as 15 cardiac and respiratory, infectious, diabetes, genetics, immunology, aging, and 16 xenotransplantation. The development of an immunologically defined specific-pathogen 17 free (SPF) baboon model has further advanced research, especially with studies involving 18 the immune system and immunosuppression. In this study, we compare normal 19 immunological changes of peripheral blood mononuclear cell (PBMC) subsets, and their 20 function in age-matched conventional and SPF baboons. Our results demonstrate that 21 both groups have comparable numbers of different lymphocyte subsets, but there are 22 phenotypic differences in central and effector memory T cells subsets that are more 2 23 pronounced in the CD4+ T cells. Despite equal proportions of CD3+ T cells among the 24 conventional and SPF baboon groups, PBMC show higher proliferative responses to 25 mitogens PHA and PWM and higher IFN-γ producing cells to Con A and PWM in the 26 conventional group. Plasma levels of the inflammatory cytokine TNF-α were significantly 27 higher in SPF baboons. Exposure of PBMC from conventional baboons to various Toll 28 like ligands (TLR ligands) TLR-3, TLR-4 and TLR-8 show higher IFN-γ producing cells 29 while PBMC from SPF baboons stimulated with TLR-5 and TLR-6 ligand show higher 30 IFN-γ producing cells. These findings suggest that while the lymphocyte subsets in 31 conventional and SPF baboons share many phenotypic and functional similarities, 32 specific differences exist in immune function of lymphocytes which could impact the 33 quality and quantity of innate and adaptive immune responses. These differences should 34 be considered for better experimental outcomes, specifically in studies measuring 35 immunological endpoints.
For NK and NKT cell analysis, a separate tube of 100 µL of blood was used for staining 144 with the combination of anti-CD3 (Percp, clone SP-34); CD8 PE (clone SK1) and anti-145 CD16 (FITC clone 3G8), (BD Pharmingen, San Jose, USA) antibodies, as described 146 above. The stained cells were acquired with FACSCalibur (Becton Dickinson) and 147 analyzed with use of FlowJo software (Tree Star, Inc., Ashland, OR, USA). 148 For the analyses of T cell memory subsets, 100 µL of EDTA-preserved whole blood was In Vitro mitogen stimulation 156 PBMCs freshly prepared from whole blood collected in an EDTA tube were more than 157 90% viable, as determined by the trypan blue exclusion method, and for each immune 158 assay we used 10 5 cells/well. The proliferation of PBMCs was determined by the standard 159 MTT dye reduction assay, as previously described [18] [19] [20] [21] . Briefly, aliquots of PBMCs incubation, medium was then replaced with 100 µL of 0.04 N acidified isopropanol 167 (Sigma). After 30 min of incubation at room temperature for color development, the plate 168 was read at 490-nm ELISA plate reader (Victor, PerkinElmer, Shelton, CT). Results were 169 expressed as optical density (OD) after blank (i.e., medium only) subtraction. Reported 170 values were the mean of 3 replicates. The optimal concentration of mitogen, number of 171 PBMCs, and incubation time were previously standardized in our laboratory from PBMCs 172 isolated from healthy animals.
173

ELISpot Assay for Detecting Antigen-specific IFN-γ-producing Cells
174
Isolated PBMCs were stimulated individually with the mitogens Con A, PHA and PWM 175 (each at 2 g/mL final concentration) to determine the numbers of IFN-γ-producing cells 176 by the ELISpot assay using the methodology reported earlier [22, 23] . Briefly, aliquots of 177 PBMCs (10 5 /well) were seeded in duplicate wells of 96-well plates (polyvinylidene 178 difluoride backed plates, MAIP S 45, Millipore, Bedford, MA) pre-coated with the primary 179 antibody to IFN-γ and incubated with PHA, Con A, and PWM. After incubation for 24 hr 180 at 37  C, the cells were removed and the wells were thoroughly washed with PBS and were as follows: IFN-γ (2.2), IL-2 (0.7), IL-6 (0.3), IL-10 (6.2), IL-12(p40) (1.2), and TNF-208 α (2.1). 210 PBMCs obtained after centrifugation of blood using a density gradient were washed with 211 PBS. Aliquots of 1 × 10 5 cells were re-suspended in culture medium RPMI-1640 (Hyclone 11 212 Laboratories) were dispensed in each well of a 96-well plate. The culture medium used 213 was free of detectable endotoxin (<0.1 EU/mL) and all other solutions were prepared 214 using pyrogen-free water and sterile polypropylene plastic ware. The cells were then 215 incubated with or without TLR ligands (TLR-1 Pam3CSK4, TLR-3 Poly I:C, TLR-4 LPS, 216 TLR-5 Flagellin, TLR-6 FSL1, RLR-8 ssRNA40/LyoVec.) all from; Invivogen (Invivogen 217 Corp, San Diego, CA, USA ) at 1 μg/mL for 24 hr. at 37°C in a 5% CO 2 atmosphere. Cells 218 were used for IFN-γ Elispot as described above. 
209
Ex vivo induction of cytokines by TLR ligands
Results
229
Conventional baboons harbor a number of adventitious infectious agents common to 230 nonhuman primate species, including many of the pathogens on the SPF bioexclusion list 231 noted above. Since these agents have been eliminated from the SPF baboon colony, we 232 assessed if their absence would result in changes to the complete blood count (CBC) or 233 blood chemistry. We examined the CBC and blood chemistry, and found no significant 234 differences between conventional and SPF baboons as has been previously reported 235 [14] . Proliferative responses 306 The proliferation of PBMC samples from the conventional and SPF baboons were 307 measured as the reduction of tetrazolium salts using MTT dye and O.D. was expressed 308 as % viability (Fig 3) . Absorbance values that are lower than the control cells indicate a 309 reduction in the rate of cell proliferation. Conversely, a higher absorbance rate indicates 310 an increase in cell proliferation. The proliferative responses to PHA (t=3.55, df=38, 311 p<0.0001, η 2 =0.24), and PWM (t=2.91, df=38, p<0.001 η 2 =0.19) were significantly higher 312 in conventional when compared to those in the SPF baboons (Fig 3) , but a significantly 313 higher response was observed with Con A (t=9.11, df=38, p<0.05, η 2 =0.69) in SPF 314 baboons compared to conventional baboons (Fig 3) . baboons 317 We used PBMCs that were isolated from blood samples of baboons to determine the 318 proliferative response to various mitogens, using the standard MTT dye reduction assay.
319
Proliferation responses were measured as optical density (OD) and expressed as % (t=4.23,df=38,p<0.05, η 2 =0.32) and LPS (t=4.14,df=42,p<0.05, η 2 =0.29). Although no 330 statistically significant differences were observed for the numbers of IFN-γ-producing 331 cells in response to stimulation with PHA between the two groups, conventional baboons 332 had a greater response in comparison to SPF baboons (Fig 4) . Circulating cytokines peripheral blood plasma 343 We analyzed plasma samples from conventional and SPF baboons for 6 different Th-1 344 (IFN-γ, IL-2, TNF-α) and Th-2 (IL-6, and IL-10) cytokines and IL-12(p40), using the bead 345 array kit, and observed significantly higher levels of TNF-α (t=2.89, df=45, p<0.05, 346 η 2 =0.16) in SPF compared to conventional baboons. However, other cytokines show no 347 differences between SPF and conventional baboons ( Fig 5) . PBMCs (1 × 10 5 ) incubated with ultra-purified TLR ligands (TLR-1,-4, -3, -5, -6-and 8) all 359 from; Invivogen (Invivogen Corp, San Diego, CA, USA ) at 1 μg/mL for 24 hr at 37°C in a 360 5% CO 2 atmosphere. The cells were used for IFN-γ Elispot assay as described above 361 and data presented as IFN-γ producing cells (Fig 6) . We observed a significant increase 362 in stimulation with TLR ligands 5, and 6 and significant decrease with TLR-4, (t=2.87, 363 df47, p<0.0002, η 2 =0.54) and TLR-3 and TLR-8 ligands (t=2.87, df=7, p<0.05, η 2 =0.54) 364 in baboons. (Fig 6) . research contributions are vast, we have focused on their immune system, which shares 375 many similarities to our own immune system. We have specifically focused on the 376 differences in immune systems between conventional and SPF baboons. Differences in 377 immunity are likely to exist between conventional baboons with their own array of 378 endogenous viruses, parasites, and bacteria, and SPF baboons who lack many of the 379 pathogens found in conventional baboons. The preservation of a functional and diverse 380 T cell population is a dynamic process controlled by exposure to antigen and cytokines.
381
An analysis of baboon T cells has demonstrated that CD4 and CD8 T cells can be 382 subdivided into naïve, central memory (CM) and effector memory (EM) as reported in 383 rhesus macaques using CD28 and CD95 as the primary cell surface markers [18, 27] . 384 We found that absolute numbers of helper and cytotoxic T cells are the same in both xenotransplantation studies [30] [31] [32] . In this study, we phenotyped baboon NK cells.
397
Baboon NK cells are identified as CD3 -CD16 + cells. In humans, NK cells are CD3 -CD56 + 398 (85%-90%) and can be subdivided based on the expression of CD16 [33]. One major 399 difference between human and NHP NK cells is that baboon and macaque NK cells 400 express high levels of CD8α, but this is not observed in human NK cells [33, 34] .
401
To determine if the phenotypic changes we observed in this study were indicative 402 of an altered T cell function, we measured mitogen-specific T cell responses in the 403 plasma of conventional and SPF baboons. We found a significant increase in TNF-α in 20 404 circulating cytokines of SPF baboons, while IL-2, IL-6, IL-10, IL-12(p40) and IFN-γ 405 showed no significant differences in conventional compared to SPF baboons. The 406 identification of noticeable differences between conventional and SPF baboons 407 suggests that chronic infections modulate host immune development as reported in SPF 408 and conventional rhesus macaques [35] . 409 While the conventional and SPF baboons share many phenotypic and functional 410 similarities of lymphocyte subsets, the findings of this study suggest that specific 411 differences exist in lymphocyte immune function which could impact the innate and 412 adaptive immune responses. As we plan immunological studies going forward, these 413 differences should be considered as they could potentially impact results and outcomes 414 for studies examining various immunologic endpoints.
415
Conclusion
416
Baboons are invaluable models to advance our understanding of disease pathogenesis, 417 immunity, and vaccine development due to their genetic similarity to humans and natural
